Adenoid cystic carcinoma of the breast represents a unique clinicopathologic entity with a variable histological appearance and a relatively indolent clinical course in most of the cases. Adenoid cystic carcinoma may be difficult to differentiate from infiltrating duct carcinomas, and in particular from tubular and cribriform carcinomas, especially in core or vacuum-assisted biopsies. We evaluated the prevalence of c-kit, p63, and e-cadherin immunoreactivity in a series of 20 adenoid cystic carcinomas, comparing the results with those obtained in a series of infiltrating tubular carcinomas and infiltrating cribriform carcinomas. The hormone receptor status, proliferation labeling index, and HER/2 immunoreactivity had been previously investigated in all the cases. Three (15%) adenoid cystic carcinomas and all infiltrating tubular and cribriform carcinomas showed estrogen receptor and/or progesterone receptor immunoreactivity (Po0.00001 for estrogen and P ¼ 0.00002 for progesterone receptors). Adenoid cystic carcinomas consistently lacked any immunoreactivity for HER/2, whereas three (15%) infiltrating and cribriform carcinomas showed weak and incomplete membrane staining (P ¼ 0.23077). Membranous immunoreactivity for c-kit was found in all except one (predominantly basaloid) adenoid cystic carcinomas (95%), and in none of the infiltrating tubular and cribriform carcinomas (Po0.00001). Nuclear immunoreactivity for p63 was found in all except three (predominantly basaloid) adenoid cystic carcinomas (85%) and in none of the infiltrating tubular and cribriform carcinomas (Po0.00001). All infiltrating tubular and cribriform carcinomas and 18/20 (90%) adenoid cystic carcinomas showed immunoreactivity for e-cadherin (P ¼ 0.48718). In summary, adenoid cystic carcinomas showed the following phenotype: estrogen receptor
Adenoid cystic carcinoma is a special type of breast cancer, accounting for 0.1-1% of all malignant epithelial tumors of the breast. [1] [2] [3] The constituent neoplastic cells are both of luminal and myoepithelial type, arranged in a wide spectrum of histological patterns, that is, trabecular, tubular-cribriform, solid, and basaloid, which usually coexist in the same tumor. [1] [2] [3] [4] [5] [6] [7] Most adenoid cystic carcinomas follow a favorable clinical course with a low prevalence of axillary lymph node metastases (approximately 10%). Tumors showing a predominant solid pattern of growth however reportedly have a more aggressive behavior, 8 with distant metastases despite the absence of lymph node involvement and poor 5-year overall survival. 6, [9] [10] [11] [12] [13] Adenoid cystic carcinoma, especially when showing a predominant tubular-cribriform growth pattern, shares many histological features with infiltrating cribriform and tubular carcinoma. These are more commonly encountered special types of breast cancer, characterized by a long-term survival in more than 80% of the cases. 1, 2, 7, 14 The differential diagnosis between adenoid cystic carcinoma, infiltrating cribriform carcinoma, and infiltrating tubular carcinoma on pure morphological grounds may be very challenging, especially when examining small tissue samples obtained by core or vacuum-assisted biopsies.
14 Assessment of hormone receptor status may be a useful diagnostic adjunct, because most infiltrating cribriform and tubular carcinomas are extensively positive for estrogen and progesterone receptors, whereas adenoid cystic carcinomas are usually negative. Estrogen and/or progesterone receptors immunoreactivity, however, may also be detected in a minor subset of adenoid cystic carcinomas. 6, 9, 15, 16 More specific and positive markers of adenoid cystic carcinoma would therefore be of diagnostic value.
c-Kit, a transmembrane tyrosine kinase receptor protein (CD117), 17 and p63, a gene involved in embryonal development and cell differentiation that is constitutively expressed in the basal cell compartment of a variety of epithelial tissues and in myoepithelial cells of the breast, 18 have been recently proposed as positive markers for adenoid cystic carcinoma. In particular, c-kit and p63 immunoreactivity have been detected in 100 and 87% of adenoid cystic carcinoma of the salivary glands, respectively. [19] [20] [21] Furthermore, two different groups recently reported, although in abstract form only, that adenoid cystic carcinomas of the breast are also commonly immunoreactive for c-kit, while breast invasive carcinomas not otherwise specified usually lack c-kit expression. [22] [23] [24] e-Cadherin, a transmembrane glycoprotein specifically involved in epithelial cell adhesion, 25 is a marker of duct carcinomas, including infiltrating tubular and cribriform carcinomas, whereas it is expressed only in a small subset of breast adenoid cystic carcinomas, especially in cases with a predominant tubular or cribriform growth pattern, the solid variants being usually unreactive. 5, 26 To assess the relative value of c-kit, p63, and ecadherin immunoreactivity in the diagnosis of breast adenoid cystic carcinomas, we evaluated immunohistochemically 20 such tumors, comparing the results with those obtained in a cohort of infiltrating tubular and cribriform carcinomas.
Materials and methods

Patients
A total of 20 adenoid cystic carcinomas, 10 infiltrating tubular carcinomas, and 10 infiltrating cribriform carcinomas of the breast were retrieved from the files of the Division of Pathology and Laboratory Medicine of the European Institute of Oncology of Milan. Nine adenoid cystic carcinomas cases were sent for consultation with the following original diagnoses: adenoid cystic carcinomas (three cases, 33%), infiltrating duct carcinoma not otherwise specified (five cases, 56%), and infiltrating cribriform carcinoma (one case, 11%). Representative hematoxylin and eosin-stained sections of all the tumors were reviewed to confirm the tumor type and to assign the differentiation grade according to the recommendations of Ro et al. 27 Information concerning tumor size and lymph node status were available in all and in 12 cases, respectively. All the cases were restaged using the 2002 TNM classification. 28 Follow-up data, with a mean duration of 49.4 months, were available for all the patients.
Immunohistochemistry
All cases (20 adenoid cystic carcinomas, 10 infiltrating tubular carcinomas, and 10 infiltrating cribriform carcinomas) had been immunostained for estrogen receptor, progesterone receptor, Ki-67 antigen, and HER/2 at the time of diagnosis. Consecutive serial sections cut from the same formalin-fixed, paraffin-embedded tissue blocks used for the immunohistochemical evaluation of hormone receptor status, were immunostained for c-kit, p63, and ecadherin using an automated immunostainer (Autostainer, DakoCytomation, Glostrup, Denmark) and a commercially available detection kit (Dako EnVision Plus-HRP), according to the manufacturer's instructions. Clones, sources dilutions, and pretreatments of the antibodies used are listed in Table 1 . Built-in positive controls were mast cells (for c-kit), non-neoplastic ductal luminal cells (for c-kit and e-cadherin), and myoepithelial cells (for p63).
In each case, at least 1000 neoplastic cells were evaluated at Â 400 magnification, and the percentage of cells showing definite nuclear (for p63), or membranous and/or cytoplasmic (for e-cadherin and c-kit) immunoreactivity was recorded. The following score system was applied for the immunohistochemical results: 0, negative; 1 þ , up to 25%; 2 þ , 25-50%; and 3 þ , more than 50% of immunoreactive neoplastic cells. All the slides immunostained for c-kit, p63, and e-cadherin were blindly reviewed by a second investigator, and the interobserver agreement was 98%.
Results
Clinicopathologic Features of Adenoid Cystic Carcinomas Patients
All the patients were women, with a mean age of 55.3 years (range 33-78 years). Eleven tumors (55%) arose in the right and nine (45%) in the left breast, with a slightly higher prevalence (60%) for the upper quadrants (Table 2) . According to the recommendations of Ro et al, 27 six cases (30%) were classified as grade I, six as grade II, and eight (40%) as grade III. The prevalent (450%) pattern was cribriform in nine (45%) cases, solid in four (20%), tubular in three (15%), basaloid in three (15%), and trabecular in the remaining case (5%). A total of 12 (60%) tumors were staged as pT1 (three pT1a and nine pT1c), and eight (40%) pT2. Of the 12 patients with known lymph node status, 10 (85%) were free of metastases, one had a micrometastasis in one lymph node, and one had a (macro)metastasis in one lymph node. One patient with a predominantly basaloid tumor and uninvolved lymph nodes developed lung metastases, which were treated by surgery, 6 months after diagnosis.
Immunohistochemistry
Three (15%) adenoid cystic carcinomas showed estrogen or progesterone receptors immunoreactivity, although in a very minor percentage (1-5%) of the neoplastic cells. In particular, two cases were immunoreactive for both estrogen and progesterone receptors, and the remaining case for estrogen only (Figure 1) . By contrast, all infiltrating tubular and cribriform carcinomas showed immunoreactivity for estrogen receptor and 16 (80%) also for progesterone receptor (Po0.00001 for estrogen receptor and P ¼ 0.00002 for progesterone receptor) in most of the neoplastic cells (ranging from 70 to 95%).
Adenoid cystic carcinomas consistently lacked any immunoreactivity for HER/2, whereas three (15%) infiltrating tubular and cribriform carcinomas showed weak and incomplete membrane staining (P ¼ 0.23077).
The mean value of Ki-67 labeling index was 26% (range 4-70%) in adenoid cystic carcinomas, 10% (range 4-18%) in infiltrating cribriform carcinomas, and 8% (range 4-18%) in infiltrating tubular carcinomas.
Membranous immunoreactivity for c-kit was found in all except one (predominantly solid) adenoid cystic carcinomas (95%), and in none of the infiltrating tubular and cribriform carcinomas (Po0.00001). Five (25%) adenoid cystic carcinomas scored 1 þ , five (25%) 2 þ , and nine (45%) 3 þ . c-Kit immunoreactivity was more prevalent in cribriform, tubular, and trabecular than in solid and basaloid areas (Figure 1) .
Nuclear immunoreactivity for p63 was found in all except three (predominantly basaloid) adenoid cystic carcinomas (85%) and in none of the infiltrating tubular and cribriform carcinomas (Po0.00001). Two (10%) adenoid cystic carcinomas scored 1 þ , one 2 þ , and 14 (70%) 3 þ . p63 immunoreactivity was more commonly detectable in cribriform, tubular, trabecular, and solid areas, whereas basaloid areas were usually unreactive ( Figure 1 ). All infiltrating tubular and cribriform carcinomas and 18/20 (90%) adenoid cystic carcinomas showed immunoreactivity for e-cadherin (P ¼ 0.48718). In particular, in infiltrating tubular and cribriform carcinomas, immunoreactivity was restricted to the cell membrane of most (450%) neoplastic cells. In adenoid cystic carcinomas, the pattern of immunostaining was exclusively membranous in seven (35%) cases, both membranous and cytoplasmic in six (30%), and exclusively cytoplasmic in five (25%) (Figure 1) . With regard to the prevalence of immunoreactive cells, four (20%) cases were scored 1 þ , six (25%) 2 þ , and eight (40%) 3 þ . In summary receptor, adenoid cystic carcinomas showed the estrogen receptor À /progesterone receptor À /c-kit þ /p63 þ phenotype in 13/20 (65%) of the cases. In the remaining seven cases, the phenotype was estrogen receptor
. By contrast, all the infiltrating tubular and cribriform carcinomas showed the estrogen receptor þ /progesterone receptor þ /c-kit À /p63 À phenotype.
Discussion
In the present study, we for the first time document that an immunohistochemical panel including antic-kit and p63 antibodies may be a useful adjunct in Figure 1 Luminal cells of adenoid cystic carcinoma of the breast show strong membrane immunostaining for c-kit, both in cribriform (a) and tubular (b) growth patterns. On the contrary, solid areas, which are composed by myoepithelial cells are unreactive (c). Myoepithelial cells of adenoid cystic carcinoma show strong nuclear membrane immunostaining for p63, both in cribriform (d) and tubular (e) growth patterns, while they are unreactive in basaloid (f) areas. Adenoid cystic carcinomas occasionally show focal and weak nuclear estrogen (g) and progesterone receptors (h) immunoreactivity, and both, membrane and cytoplasmic, immunoreactivity for e-cadherin (i).
differentiating adenoid cystic carcinomas from other types of duct cancer. Adenoid cystic carcinomas of the breast represent a unique clinicopathologic entity characterized by a heterogeneous histological appearance and a relatively indolent clinical course in most of the cases. [1] [2] [3] [4] [5] [6] [7] All the cases of this series showed a coexistence of tubular, cribriform, trabecular, basaloid, and solid growth patterns, and the prevalence of lymph node metastasis was low (approximately 15%). The solid variant of adenoid cystic carcinomas, however, is reportedly associated with a higher prevalence of distant metastases, 6, 9, [10] [11] [12] [13] and one pN0 tumor of the current series, with a predominant basaloid growth pattern, spread to the lung soon after breast surgery, thus suggesting that a subset of adenoid cystic carcinomas may be characterized by an aggressive behavior.
Given the heterogeneous morphological features, adenoid cystic carcinoma may be difficult to differentiate from infiltrating duct carcinomas, and in particular from infiltrating tubular and cribriform carcinomas, especially in core or vacuum-assisted biopsies. It is worth to note that more than 60% of the cases which were referred to us for a second opinion had been originally diagnosed as duct carcinomas. It has been previously reported that hormone receptor status may allow to discriminate adenoid cystic carcinomas from duct carcinomas, since it is usually negative in the former and positive in the latter. 6, 9, 15, 16 Along this line, all infiltrating tubular and cribriform carcinomas analyzed in the present study were consistently immunoreactive for estrogen and progesterone receptors. Nevertheless, in keeping with previous data, 6, 9, 15, 16 we found that 15% of adenoid cystic carcinomas also showed estrogen and progesterone receptors immunoreactivity, although in a very minor fraction (up to 5%) of neoplastic cells, thus underlying the usefulness of additional and more specific markers.
Our data suggest that c-kit immunoreactivity is the single most reliable diagnostic adjunct in differentiating adenoid cystic carcinomas from infiltrating tubular and cribriform carcinomas: the overwhelming majority (95%) of adenoid cystic carcinomas and none infiltrating tubular and cribriform carcinomas showed c-kit expression in more than 10% of neoplastic cells. Two different groups recently reported, although in abstract form only, [22] [23] [24] that all the 33 breast adenoid cystic carcinomas analyzed showed a variable degree of c-kit expression in the ductal luminal component, and that infiltrating duct cancer not otherwise specified were invariably unreactive. The c-kit immunoreactivity is detectable in ductal luminal but not in myoepithelial cells. This may reduce its diagnostic value in cases predominantly composed by solid or basaloid areas, as confirmed by the finding that the only case unreactive for c-kit in our series was predominantly solid. p63 is a highly specific marker of myoepithelial differentiation, that may therefore assist in highlighting the myoepithelial component of adenoid cystic carcinomas. 18 Accordingly, twothirds of breast adenoid cystic carcinomas (including tumors with prevalent solid features) were immunoreactive for p63 in the present series, a finding in line with previous data in salivary gland tumors. 21 By contrast, the cases with a basaloid growth pattern lacked any p63 immunoreactivity. In this regard, other authors previously reported that basaloid adenoid cystic carcinomas of the breast are invariably unreactive for the myoepithelial markers smooth-muscle myosin heavy chain and S-100 protein. 4, 6 Whether these tumors should be considered as variants of adenoid cystic carcinomas remains a matter of debate in the absence of positive markers of differentiation. Nevertheless, it is worth to note that in our series basaloid areas frequently coexisted with trabecular, tubular, and/or cribriform areas, which were invariably immunoreactive for the adenoid cystic carcinoma-associated antigens c-kit and/or p63. Taken together, these data corroborate the hypothesis that basaloid areas in adenoid cystic carcinomas may be composed by a multipotent compartment capable of differentiating into both luminal and myoepithelial cells. 6, 29 In keeping with that reported by Shin and Rosen, 6 our data confirm that immunoreactivity for ecadherin is of little value in differentiating adenoid cystic carcinomas from infiltrating tubular and cribriform carcinomas, since it is shared by most (90%) of adenoid cystic carcinomas and, as expected, in all infiltrating tubular and cribriform carcinomas. Although most adenoid cystic carcinomas exhibited a cytoplasmic immunostaining pattern, at variance with infiltrating tubular and cribriform carcinomas (where the immunoreactivity was exclusively membranous), this difference is likely to be of little practical value.
